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DISK APPARATUS CAPABLE OF 
CONTINUOUS DISPLAY OF DATA USING A 

SINGLE RECORDING HEAD 

BACKGROUND OF THE INVENTION 

The present invention relates to a disk apparatus for 
recording and reproducing digital continuous data, such as 
video data. More particularly, the present invention relates to 
a disk apparatus capable of continuously reproducing digital 
data recorded in different positions With respect to the radius 
direction on a recording disk. 

Video disks are being developed for recording and repro 
ducing (Writing and reading) digital video data in-and-from 
a storage medium, using digital video compression. One 
example of such a storage medium is an optical disk. The 
Moving Picture Experts Group (MPEG) is an eXample of 
one such digital video compression method. 

In a conventional video disk apparatus using an optical 
disk, digital video data is temporarily stored in a buffer 
memory. Digital video data may he compressed by a digital 
video compressor, such as an MPEG encoder, or transmitted 
by broadcasting the data, or transmitting it via CATV (cable 
television). In the buffer memory, the difference betWeen the 
bit rate (number of bits to be sent per second) of the input 
digital video data and the recording and reproducing speed 
(Write-in and readout speed) of the optical disk (number of 
bits to be recorded/reproduced per second) is adjusted. In 
general, tile bit rate of the digital video data is sloWer than 
the bit rate of the recording and reproducing speed of the 
optical disk. 
As an eXample of the application of such a video disk 

apparatus, a plurality of digital video data is recorded in 
different positions With respect to the radial direction of an 
optical disk and is reproduced in an optional order. For 
eXample, a digital video D1 starting from a radius R1 
position, a digital video D3 at a radius R3 position, and a 
digital video D2 at a radius R2 position are to be reproduced 
in this order. Herein, R1<R2<R3. In this case, after repro 
ducing the digital video starting from the radius R1, an 
optical head is moved to the radius R3 position so as to 
reproduce the digital video D3. Then, the optical head is 
moved to the radius R2 position for reproducing the digital 
video D2. 

Since tile video data cannot be reproduced from the 
optical disk When the optical head accesses the optical disk, 
at the time of changing tie reproduction from the video D1 
to tile video D3, or from the video D3 is to the video D2, the 
video is interrupted. That is, the videos cannot be reproduced 
continuously. In order to solve this problem, a technology 
has been proposed Where tWo optical heads are provided in 
a laser disk apparatus, so that one is positioned at a radius 
position of a currently reproduced video, and the other one 
positioned at a radius position of a subsequently reproduced 
video. By sWitching the heads at the time of changing the 
videos, the reproduction incapability because of the access 
can be eliminated so as to enable the continuous video 

reproduction. HoWever, this method has a major setback in 
that using tWo optical heads raises the cost. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide a video 
disk apparatus capable of continuously reproducing a plu 
rality of digital continuous data, such as video data, stored 
in areas of different positions With respect to the radial 
direction of the recording medium, Without interruption 
using one recording and reproducing head. 
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2 
The present invention provides a disk apparatus compris 

ing a continuous data input and output section for inputting 
and outputting continuous data at a ?rst bit rate. The disk 
apparatus also comprises a recording and reproducing sec 
tion for selectively recording and reproducing the continu 
ous data in and from a disk-like recording medium at a 
second bit rate higher than the ?rst bit rate. The disk 
apparatus further comprises a buffer memory coupled 
betWeen the continuous data input and Output section and 
the recording and reproducing section. The buffer memory 
temporarily stores the continuous data to compensate the bit 
rate difference betWeen the continuous data input and output 
section and the recording and reproduction section. Also, the 
disk apparatus comprises a control section. The control 
section controls the recording and reproducing section to 
successively reproduce, in a predetermined order, continu 
ous data stored in a plurality of areas in the recording 
medium at different positions With respect to a radial direc 
tion of the recording medium. The control section controls 
the recording and reproducing section and the buffer 
memory. The buffer memory stores digital continuous data 
for a time length more then the access time for accessing the 
plurality of areas from the recording medium. The access is 
performed at a second bit rate in the data input and output 
section. The continuous data, stored in the buffer memory to 
the input and output section, is continuously read out during 
the reproduction operation and the access time of the record 
ing and reproducing section. 

According to the present invention, a plurality of digital 
continuous data, such as video data stored in areas in 
different positions With respect to the radial direction of the 
recording medium, can be reproduced continuously With one 
recording and reproducing head Without interruption. 

In a disk apparatus of tile present invention, digital 
continuous data, recorded in a recording medium, is repro 
duced at a speed higher than the bit rate of the digital 
continuous data for storage in a buffer memory, and the 
digital continuous data is read out from the buffer memory 
by the bit rate of the continuous digital data to reproduce the 
continuous video information. 

Since the reproducing speed from the recording medium 
is higher than the bit rate of the digital continuous data, there 
is a speed difference betWeen the speed for storing the digital 
continuous data in the buffer memory and the speed for 
reading the digital continuous data from the buffer rate. This 
results in digital continuous data accumulated in the buffer 
memory. When the capacity of the buffer memory becomes 
full, the reproduction from the recording medium is tempo 
rarily interrupted. During that period, the digital continuous 
data is read out at the bit rate from the buffer memory so as 
to reproduce continuous video information. 
When the amount of digital continuous data recorded in 

the buffer memory is reduced to an appropriate value, the 
reproduction from the recording medium is resumed. 
Therefore, the digital continuous data is intermittently repro 
duced from the recording medium so that the digital con 
tinuous data is continuously read out from the buffer 
memory. 

If the pause period of the reproduction from the recording 
medium is set at a period longer than the average access time 
of the recording and reproducing head, the recording and 
reproducing head can be moved. The head can be moved to 
an area at an optional different position With respect to the 
radial direction of the recording medium, thus utiliZing the 
pause period to reproduce the other digital continuous data 
recorded in the area. During the access, the digital continu 
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ous data is read out from the buffer memory. Note that the 
digital continuous data Was recorded in an area at the radial 
position of the recording medium Where the recording and 
reproducing head Was placed before moving. Subsequently, 
the digital continuous data is reproduced from the recording 
medium at the position Where the recording and reproducing 
head is placed after moving, stored in the buffer memory, 
and read out from the buffer memory at the bit rate of the 
digital continuous data. 

Accordingly, since the digital continuous data is read out 
and reproduced from the buffer memory even When the 
recording and reproducing head is moving, the digital con 
tinuous data recorded in areas of different positions With 
respect to the radius direction of the recording medium can 
be reproduced Without interruption. 

The memory capacity for a buffer memory in the present 
invention can be de?ned as A*S bits or more, Where the bit 
rate of the digital continuous data is A (bps), and the 
maXimum access time to the recording medium (seeking 
time for a recording and reproducing head to move from the 
innermost periphery of the recording medium to the outer 
most periphery plus time for the recording medium to make 
a rotation) is S seconds. By providing such a buffer memory, 
the amount of digital continuous data corresponding to the 
access time of the recording and reproducing head can be 
accumulated preliminary in the buffer memory, taking 
advantage of the difference betWeen the reproducing speeds 
at Which tile digital continuous data is reproduced from the 
recording medium, all the bit rate of the digital continuous 
data. 

When re-seeking due to an unsuccessful seeking is 
performed, the memory capacity of the buffer memory can 
be set at A*S*(N+1) bits or more, Where the bit rate of the 
digital continuous data is A (bps), and the number of the 
seeking retrials is N. 

In a disk apparatus having a function for automatically 
replacing the recording medium, the memory capacity of the 
buffer memory can be set at A*S bits or more, Where the sum 
of the maXimum time for replacing the recording medium 
and the maXimum access time to the recording medium 
(seeking time for a recording and reproducing head to move 
from the innermost periphery of the recording medium to the 
outermost periphery plus time for the recording medium to 
make a turn) is S seconds, and the bit rate of the digital 
continuous data is A (bps). Accordingly, since the digital 
continuous data for the replacement time of the medium and 
the access time to the medium can be stored preliminary in 
the buffer memory and the buffer memory can be read out 
during the time, a plurality of digital continuous data in areas 
of different optional positions With respect to the radial 
direction of a plurality of recording mediums can be repro 
duced Without interruption. 
When unsuccessful seeking and unsuccessful replacement 

of the recording medium occurs, and the seeking and replac 
ing are retried, the memory capacity of the buffer memory 
can be set at A*S1 (N1+1)+A*S2*(N2+1) bits or more, 
Where the maXimum time for replacing the recording 
medium is S1 second, the number of the retrials at the time 
of an unsuccessful replacement of the recording medium is 
N1, the maXimum access time to the recording medium 
(seeking time for a recording and reproducing head to move 
from the innermost periphery of the recording medium to the 
outermost periphery plus time for the recording medium to 
make a turn) is S2 seconds, the number of the retrials at the 
times of an unsuccessful seeking is N2, and the bit rate of the 
digital continuous data is A (bps). 
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4 
Furthermore, in the present invention, When editing the 

digit continuous data, the editing ef?ciency can be improved 
by controlling the digital continuous data, Which can be 
anticipated to be reproduced continuously before editing, 
since the editing operation can be con?rmed before hand. 

Addition al objects and advantages of the invention Will 
be set forth in the description Which folloWs, or may be 
learned by practice of the invention. The objects and advan 
tages of the invention maybe realiZed and obtained by means 
of instrumentalities and combinations particularly pointed 
out in the appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention, and together With the general 
description given above and the detailed description of the 
embodiments given beloW, serve to eXplain the principles of 
the invention. 

FIG. 1 is a block diagram of a video disk apparatus 
according to an embodiment of the present invention; 

FIG. 2 is a diagram shoWing recording areas on an optical 
disk for storing digital video data according to an embodi 
ment of the present invention; 

FIG. 3 is a ?oWchart illustrating the recording operation 
of the video disk apparatus shoWn in FIG. 1; 

FIG. 4 is a graph shoWing the change of the quantity of 
video data in the buffer memory of the video disk apparatus 
of FIG. 1; 

FIGS. 5A to SF are charts shoWing the content change of 
the video data in the buffer memory of the video disk 
apparatus of FIG. 1; 

FIG. 6 is a ?oWchart shoWing the reproducing operation 
of the video disk apparatus shoWn in FIG. 1; 

FIG. 7 is a block diagram of a video disk player according 
to another embodiment of the present invention; and 

FIG. 8 is a block diagram of an audio disk apparatus 
according to yet another embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is a block diagram illustrating a video disk 
apparatus according to one embodiment of the present 
invention. Avideo disk apparatus shoWn in FIG. 1 comprises 
an analog video input section 11, a digital video data 
compressor 12 (such as an MPEG encoder), a digital video 
input section 13, a buffer memory 14, a modulator/ 
demodulator 15, an optical head 16, a recordable and 
reproducible medium 17, a digital video data decompressor 
18 (such as an MPEG decoder), a monitor 19 for displaying 
a video, a driver 21 for driving the optical head 16, and a 
controller 20. The buffer memory 14 comprises a memory 
capable of reading and Writing data at the same time, for 
eXample, a dual port memory. The recordable and reproduc 
ible medium 17 may be, for example, an optical disk, a phase 
change recording medium, or a magneto-optical recording 
medium. The optical head 16 may be, for eXample, a 
conventional optical head comprising a semiconductor laser, 
an objective lens, an image sensor, and the like. 
The operation of the video disk apparatus according to 

this embodiment of the present invention is described. 
In an illustrative eXample of the present invention, and in 

the description hereinafter, digital video data is output from 
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the MPEG encoder 12 or the digital video input section 13 
at the bit rate of 4 Mbps. The following descriptions 
describes the processing of digital video data as an illustra 
tive eXample. HoWever, the data may be analog, and is not 
limited to video data. For example, the data may be audio. 

FIG. 2 is a diagram illustrating recording areas of the 
optical disk 17 according to an embodiment of the present 
invention. The optical disk 17 includes a plurality of record 
ing areas 31, 32, and 33. Data of a digital video Ais recorded 
(Written) in the recording area 31; data of a digital video C 
is recorded in the recording area 32, and data of a digital 
video B is recorded in the recording area 33 in the optical 
disk 17. Digital video data is recorded in the optical disk 17 
at a speed of 8 Mbps, for eXample, by a constant linear 
velocity method, and reproduced from the optical disk 17 at 
the same speed. The maXimum access time (seeking time for 
the optical head 16 to move from the innermost periphery to 
the outermost periphery of the optical disk 17 plus the time 
for the optical disk 17 to make a rotation thereof) is 0.25 
seconds, for eXample. The memory capacity of the buffer 
memory 14 is 4 M bits, for eXample. 

In the folloWing operation, the recording and reproduction 
operation of the optical disk 17 by the optical head 16, the 
Writing/reading operation of the buffer memory 14, and the 
like, are controlled by the controller 20. 

FIG. 3 is a ?oWchart illustrating the recording operation 
for recording the digital video data. 

It is determined Whether an input video signal is an analog 
signal, such as a NTSC signal (ST1). When the input video 
signal is the analog signal, the analog video signal is input 
by the analog video input section 11 to the MPEG encoder 
12 (ST2), and subjected to an analog-to-digital conversion 
and a compression processing (ST3) by the MPEG encoder 
12. The digital video signal from the MPEG encoder 12 is 
input to the digital video input section 13 (ST4). 
On the other hand, already compressed digital video data 

(a “no” response at step ST1), supplied from a CATV, a 
satellite broadcast, and the like, is input directly to the digital 
video input section 13. The compressed digital video signal 
is applied to the buffer memory 14 (ST4), and stored therein 
(ST5). 

At block ST6, it is determined Whether the data stored in 
the buffer memory is not more than a given capacity. If the 
determination at block ST6 is “YES”, the Write operation is 
interrupted during a predetermined time interval (ST9) and 
the operation returns to ST6. If the determination at block 
ST6 is “No”, the digital video data input from the digital 
video input section 13 is Written in the buffer memory 14 at 
the speed of, for example, 4 Mbps. Since tile speed of 
recording the digital video data in the optical disk 17 via the 
optical head 16 (8 Mbps) is higher than the bit rate of the 
compressed digital video data supplied from the MPEG 
encoder 12 (4 Mbps), the digital video data input from the 
digital video input section 13 is temporarily stored in the 
buffer memory 14. When the digital video data of an 
appropriate capacity for storing in the optical disk 17 (such 
as a capacity for 1 sector or 1 track of the optical disk 17) 
is stored in the buffer memory 14, the digital video data is 
read out from the buffer memory 14 at the speed of 8 Mbps 
(ST7). That is, the controller 20 Writes the digital video data 
from the video input section 13 in the buffer memory 14 at 
the speed of 4 Mbps. When the video data for 1 sector or 1 
track is Written in the buffer memory 14, the digital video 
data is read out from the buffer memory 14 at the speed of 
8 Mbps. 

The digital video data read out from the buffer memory 14 
is applied to the modulator/demodulator 15 and modulated 
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6 
to produce a signal appropriate for recording. The signal is 
input to the optical head 16 and recorded in the optical disk 
17 by the optical head 16 (ST8). The digital video data input 
from the digital video input section 13 is stored in the buffer 
memory 14 at the speed of 4 Mbps even during the recording 
period during Which the digital video data is recorded in the 
optical disk 17 by the optical lead 16. 

In case of reproducing data of the video Arecorded in the 
recording area 31 of the optical disk 17, the controller 20 sets 
the apparatus at a reproduction mode and commands the 
optical head 16 to move to the starting point of the recording 
area 31 of the optical disk 17 in the radial direction in vieW 
of the header information of the optical disk 17. When the 
optical head 16 reaches the starting point of the recording 
area 31, the optical head 16 reads out the digital video data 
from the optical disk 17 at the rate of 8 Mbps. The read out 
digital video data is Written in the buffer memory 14 via the 
modulator/demodulator 15 at the rate of 8 Mbps Then the 
digital video data is read out from the buffer memory 14 to 
the MPEG decoder 18 at the rate of 4 Mbps. The MPEG 
decoder 18 decompresses the read out digital video data. The 
decompressed digital video data is sent to the monitor 19 for 
display. 
The operation of continuously reproducing a plurality of 

digital video data, recorded in recording areas of different 
radius positions on the optical disk 17 Without interruption, 
is described referring to FIGS. 4 through 6. 

FIG. 4 is a graph shoWing the quantity of digital video 
data in the buffer memory 14 at the time of reproducing a 
plurality of digital video data. Further, the contents of the 
buffer memory 14 at times ta, tb, tc, td, te, tf (in FIG. 4) are 
described per 1 M bit in FIGS. 5A, 5B, 5C, SD, 5E, 5F, 
respectively. FIGS. 5A through 5F are charts shoWing the 
content change of the video data in the buffer memory 14. 
In FIGS. 5A through 5F, one rectangle shoWs digital video 
data for 1 M bits. FIG. 6 is a ?oWchart shoWing the 
reproducing operation of the video disk apparatus. 
The case of reproducing the data of the digital video A for 

3 seconds and then reproducing the data of the digital video 
B is described as an eXample. When the optical head 16 is 
moved to the recording area 31 by the seeking operation 
(ST21), the data of the digital video Ais read out at the speed 
of 8 Mbps from the recording area 31 (ST22). In this time, 
it is determined Whether the buffer memory 14 is full 
(ST23). If the determination is “YES”, the read operation is 
interrupted during a predetermined time interval (ST28) and 
tile process returns to step ST23. If the determination is NO, 
the readout data is stored in the buffer memory 14 (ST24), 
and, at the same time, is read out from the buffer memory 14 
at the speed of 4 Mbps and output to the MPEG decoder 18 
(ST25). Since a speed difference eXists betWeen the reading 
speed from the optical disk 17 and the bit rate of the digital 
video data, the digital video data of (8 Mbps-4 Mbps)*1 
second=4 M bits is stored in the buffer memory 14 at the 
time ta after 1 second. This is shoWn in FIG. 4 and FIG. 5A. 
As shoWn in FIG. 5A, the memory capacity of the buffer 

memory 14 is ?lled to 4 M bits, reproduction of the digital 
video data from the optical disk 17 is stopped until the neXt 
time tb for 0.5 second and returned to the seeking (ST21). 
HoWever, since the digital video data stored in the buffer 
memory 14 is read out at the speed of 4 Mbps and outputted 
to, the MPEG decoder 18 (ST26) during the time ta-tb, the 
video A displayed on the monitor 19 is reproduced continu 
ously (ST27). Since neW digital video data is not input to the 
buffer memory 14 during the period, the digital video data 
in the buffer memory 14 become 4 M bits-4 Mbps*0.5 
second=2 M bits. This is shoWn in FIG. 4 and FIG. 5B. 
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For the next 0.5 second in time tb-tc, the data of the video 
Ais read out from the optical disk 17 at the speed of 8 Mbps 
and stored in the buffer memory 14. The digital video data 
stored in the buffer memory 14 for the 0.5 second become 
2 M bits+(8 Mbps-4 Mbps) *0.5 second=4 M bits. This is 
shoWn in FIG. 4 and FIG. 5C. 

The digital video data reproduced from the optical disk 17 
during the time 0 to the time tc is 8 Mbps*(1 second+0.5 
second )=12 M bits. Since this is the capacity corresponding 
to the digital video for 3 seconds, reproduction of the video 
Adata from the optical disk 17 is stopped. Since it takes 0.5 
second to reduce the 4 M bits of the digital video A data 
stored in the buffer memory 14 to 2 M bits, the optical head 
16 can access to the starting position of the digital video B 
data recorded in the recording area 33 during the period. 
Since the maximum access time is 0.25 second, the opera 
tion of the optical disk 17 is stopped for the initial 0.25 
second. 

In 0.25 second in the neXt time tc-td, the optical head 46 
moves from the recording area 31 to the starting position of 
the digital video B data in the recording area 33. Since the 
digital video A data stored in the buffer memory 14 is read 
out at the speed of 4 Mbps and outputted to the MPEG 
decoder 18 during the period, the video A data displayed on 
the monitor 19 can be reproduced Without interruption. 
Since neW digital video data is not input to the buffer 
memory 14 during the period, the digital video data in the 
buffer memory 14 becomes 4 M bits-4 Mbps:*0.5 second=2 
M bits. This is shoWn in FIG. 4 and FIG. 5D. 

In 0.25 second, from the time td-te, the video B data is 
read out from the optical disk 17. The digital video data 
stored in the buffer memory 14 in the 0.25 seconds is 2 M 
bits+(8 Mbps-4 Mbps)*0.25 second=3 M bits. This is 
shoWn in FIG. 4 and FIG. 5E. At the time of te, since the 
digital video A data for 4 Mbps*0.25 second=1 bits is read 
out from the buffer memory 14 and output to the MPEG 
decoder 18, the digital video B data for 8 Mbps*0.25=2 M 
bits is reproduced from the optical disk 17 and stored in the 
buffer memory 14. The content of the buffer memory 14 
becomes, as shoWn in FIG. SE, 1 M bits of the digital video 
A data and 2 M bits of the digital video B data. 

For 0.25 seconds in the time te-tf, the video B data is read 
out from the optical disk 17. The digital video data stored in 
the buffer memory 14 in the 0.25 second is 3 M bits+(8 
Mbps-4 Mbps)*0.25 second=4 M bits. This is shoWn in 
FIG. 4 and FIG. SF. The content of the buffer memory 14 is 
entirely the digital video B data. Thereafter the digital video 
B data is read out from the buffer memory 14 and output to 
the MPEG decoder 18 so that the digital video B is indicated 
on the monitor 19. 

During the access of the optical head 16, the digital video 
A data preliminary stored in the buffer memory 14 is read 
out and output to the MPEG decoder 18. Since the digital 
video B data is already stored in the buffer memory 14 at the 
time all the data of the digital video A in the buffer memory 
14 is read out, they can be output continuously to the MPEG 
decoder 18. 

Accordingly, the data of the digital video A and the data 
of the digital video B recorded in the different recording 
areas With respect to the radius positions of the optical disk 
17 can be continuously input to the MPEG decoder 18 via 
the buffer memory 14 to be decoded so that the videos can 
be displayed on the monitor 19 Without interruption betWeen 
the digital videos A and B. 

Also in the case of continuous reproduction of the digital 
videos A, B, C, or continuous reproduction of the digital 
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8 
videos in a different order C, B, A, it is apparent that 
continuous reproduction can be achieved similarly, by stor 
ing in advance an amount of digital video data correspond 
ing to the access time in the buffer memory 14 so that the 
digital video data in the buffer memory 14 can be read out 
during access. 

The movement of the optical head 16 from a recording 
area to another recording area on the optical disk 17, that is, 
seeking may be unsuccessful for various reasons, such as the 
inability to read address information recorded in the optical 
disk 17. In that case, the seeking operation is conducted 
again With the upper limit of a preliminary set retrial number 
in the video disk apparatus of this embodiment. During the 
retrial of the seeking operation, the digital video data is read 
out from the buffer memory 14. 

Herein, if the capacity of the buffer memory 14 is set at 
A*S*(N+1) bits or more, Where the bit rate of the digital 
video data is A(bps), the maXimum access time (tile seeking 
time for moving the optical head 16 from the innermost 
periphery to the outermost periphery of the optical disk 17 
plus the time for rotating the optical disk 17 by one rotation) 
is S seconds, and the number of seeking retrials at the time 
of unsuccessful seeking is N, the digital video data can be 
read out from the buffer memory 14 even during accessing 
by storing in advance the amount of digital video data for the 
access time of the optical head 16 including the seeking 
retrial time in the buffer memory 14. As a result, video 
reproduction can be achieved Without interuption of the 
video. Here, the A*S bits among tile A*S*(N+1) bits are for 
the initial access, and the A*S*N bits are for the retrials. 

Although the amount of digital video data corresponding 
to the maXimum access time to the optical disk 17 Was 
referred to as the buffer memory 14 capacity in the eXpla 
nation above, in the case of adopting a video disk apparatus 
comprising an automatic disk changer for automatically 
changing the optical disk 17, the buffer memory 14 capacity 
can be set at A*S2 bits or more, supposing that the sum of 
the maXimum eXchange time of the optical disk 17 (the 
maXimum time for replacing the currently set optical disk by 
tile farthest optical disk for recording and reproduction) and 
the maXimum access time to the optical disk 17 is S2, and 
the bit rate of the digital video data is A (bps). 

In this con?guration, the amount of digital video data 
corresponding to the disk replacement time and the access 
time can be stored preliminary in the buffer memory 14. 
Consequently, the digital video data can be read out from the 
buffer memory 14 during the replacement time of the optical 
disk 17 and the access time of the optical head 16. Even in 
the case of reproducing digital video data recorded among a 
plurality of optical disks, the videos can be reproduced 
Without interruption. 

In consideration of the retrials at the time of unsuccessful 
disk replacement and at the time of unsuccessful seeking, the 
memory capacity of the buffer memory 14 can be A*S1* 
(N1+1)+A*S2*(N2+1) bits or more, supposing that the 
maXimum time for the disk replacement is S1 second, the 
number of retrials at the time of unsuccessful disk replace 
ment is N1, the maXimum access time to the optical head 16 
(the seeking time for moving the optical head 16 from the 
innermost periphery to the outermost periphery of the opti 
cal disk 17 plus the time for rotating the optical disk 17 by 
one rotation) is S2 seconds, and the number of retrials at the 
time of unsuccessful seeking is N2. According to the 
con?guration, since digital video data can be read out from 
the buffer memory 14 even When retrials are conducted for 
the optical disk replacement and the optical head access, 
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digital video data in a plurality of disks can be reproduced 
Without interruption. 
By using the above-mentioned function for continuously 

reproducing a plurality of videos, editing videos is improved 
because the end result can be vieWed before changing the 
video. Speci?cally, the anticipated edited reproduced video 
can be reproduced continuously before editing by command 
ing the optical head 16 to reproduce selected portions of 
video. At the time of editing, videos recorded in a plurality 
of areas in different positions With respect to the radial 
direction in the optical disk 17 are recorded in the same area 
in the, optical disk as one video data. Therefore, since the 
result of the editing can be con?rmed beforehand, the editing 
ef?ciency can be improved. 

In the above embodiment, the present invention is applied 
to a recording/reproducing apparatus. HoWever, the present 
invention can be applied to a video player. 

FIG. 7 is a block diagram illustrating a video disk player 
according to another embodiment of the present invention. 
In this case, the video player comprises a buffer memory 14, 
an optical head 16, a MPEG encoder 18, a monitor 19, a 
controller 20, a driver 21, and a demodulator 22. The 
operation of the video player is similar to the reproducing 
mode of the video disk apparatus of FIG. 1. 

Also, the present invention may be applied to an audio 
apparatus. 

FIG. 8 is a block diagram of an audio disk apparatus 
according to yet another embodiment of the present inven 
tion. The audio disk apparatus comprises a digital audio 
signal circuit 41, a buffer memory 42, a digital-to-analog 
(D/A) converter 43, a speaker 44, and a controller 45. In this 
audio apparatus, the digital audio signal from the digital 
audio signal circuit 41 is stored in the buffer memory 42 and 
at, the same time, the audio signal stored in the buffer 
memory 42 is read out to the speaker 44 via the D/A 
converter 43. 

The digital audio signal circuit 41 and the buffer memory 
42 are controlled lay the controller 45 for controlling the 
Write-in and readout timings of the buffer memory 42. 

According to the above audio apparatus, even if the audio 
signal from the digital audio circuit 41 is interrupted during 
a seek operation, since the audio signal read out from the 
buffer memory 42 is supplied to tile speaker 44 via the D/A 
converter 43, the speaker 44 can continuously output an 
audio sound. In other Words, the present invention can be 
applied to apparatuses for recording and/or reproducing data 
continuously in time, e.g., continuous data such as video 
data and audio data. 

Although embodiments With an optical disk as the record 
ing medium have been, described, other apparatus using a 
disk type recording medium for recording and reproducing 
data With a recording and reproducing head can be used. 
Examples thereof include a magnetic disk apparatus (hard 
disk apparatus) and a ?oppy disk apparatus. 
As heretofore explained, according to the present 

invention, an amount of digital video data corresponding to 
the access time of the recording and reproducing head or 
more are preliminary reproduced from the recording 
medium and stored in the buffer memory utiliZing the 
difference betWeen the reproducing speed of the recording 
medium and the bit rate of the digital video data. The digital 
video data stored in the buffer memory is read out during the 
access for seeking digital video data recorded in areas of 
different positions With respect to the radius direction of the 
disk in a preliminary determined order, so that the digital 
video can be reproduced during the access. As a result, the 
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10 
digital videos recorded in different areas of optional posi 
tions With respect to the radius direction in the disk can be 
reproduced Without interruption using one recording and 
reproducing head. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A disk apparatus using a recording disk and connected 

to an input/output device, comprising; 
a recording and reproducing head Which records and 

reproduces digital data on and from the recording disk, 
the digital data being recorded on a plurality of record 
ing areas of the recording disk at different positions 
With respect to a radial direction of the recording disk; 

a dual port buffer memory that includes at least a ?rst 
input to receive the digital data at a ?rst bit rate, a 
second input to receive the digital data at a second bit 
rate, and a ?rst output to provide digital data stored 
therein at a third hit rate, and a second output to provide 
digital data stored therein at a forth rate, said buffer 
memory con?gured to temporarily store the digital data 
reproduced by the recording and reproducing head to 
compensate for differences at least betWeen the ?rst and 
third bit rates, Wherein the buffer memory has a 
memory capacity based on a bit rate of the digital data, 
a maximum access time required for moving the 
recording and reproducing head from an innermost 
periphery of the recording disk to an outermost periph 
ery plus a time required for rotating the recording disk 
by one rotation, and at least one seeking retrial; and 

a controller coupled to said recording and reproducing 
head and said buffer memory, Wherein said controller 
operates to control said recording and reproducing head 
and said buffer memory to: 
selectively reproduce digital data for a time more than 

an access time to access said plurality of recording 
areas of the recording disk at the second bit rate and 
store the digital data in said buffer memory, 

selectively record digital data from said buffer memory 
to said plurality of recording areas at the third bit 
rate, 

continuously reproduce digital data recorded in a plu 
rality of areas in different position With respect to the 
radial direction, including reproducing uninterrupted 
digital data anticipated to be edited before the digital 
data reproduced by the recording and reproducing 
head is edited, and 

continuously record said continuously reproduced digi 
tal data in the same area of the disk. 

2. The disk apparatus according to claim 1, Wherein the 
controller stores digital data reproduced from the recording 
disk in the buffer memory, the digital data having an amount 
of data corresponding to at least an access time required for 
accessing the plurality of areas at a rate higher that a bit rate 
at Which the data is input to or output from the input/output 
device. 

3. The disk apparatus according to claim 1, Wherein the 
controller controls the buffer memory to continuously output 
the digital data stored therein to the input/output device 
When the recording and reproducing head is positioned near 
the plurality of areas and during the accessing. 



US 6,772,284 B2 
11 

4. The disk apparatus according to claim 1, wherein the 
recording and reproducing head selectively records and 
reproduces digital data on and from a plurality of recording 
disks. 

5. The disk apparatus according to claim 1, Wherein the 
buffer memory has a memory capacity of A*S bits, Where a 
bit rate of the digital data is A, and a maXimum access time 
to the recording disk Which is a seeking time required for 
moving the recording and reproducing head from an inner 
most periphery of the recording disk to an outermost periph 
ery plus time for rotating the recording disk by one rotation 
is S. 

6. The disk apparatus according to claim 1, Wherein the 
buffer memory has a memory capacity of A*S*(N+1) bits, 
Where a bit rate of the digital data is A, a maXimum access 
time to the recording disk Which is a seeking time for 
moving the recording and reproducing head from an inner 
most periphery of the recording disk to an outermost periph 
ery plus time for rotating the recording disk by one rotation 
is S, and a number of the seeking retrials is N Where N is 
greater than O. 

7. The disk apparatus according to claim 1, Wherein the 
buffer memory has a memory capacity of A*S bits, where 
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the sum of the maXimum time for replacing the recording 
disk and a maXimum access time to the recording disk Which 
is a seeking time required for moving the recording and 
reproducing head from an innermost periphery of the record 
ing disk to an outermost periphery plus a time required for 
rotating the recording disk by one rotation is S, and a bit rate 
of the digital data is A. 

8. The disk apparatus according to claim 1, Wherein the 
buffer memory has a memory capacity of A*Si*(N1+1)+ 
A* S2*(N2+1) bits, Where a maXimum time for replacing the 
recording disk is Si, the number of the retrials at the time of 
an unsuccessful replacement of the recording disk is Ni 
Where Ni is greater than O, a maXimum access time to the 
recording disk Which is a seeking time required for moving 
the recording and reproducing head from an innermost 
periphery of the recording disk to an outermost periphery 
plus a time required for rotating the recording disk by one 
rotation is S2, a number of the retrials at the time of an 
unsuccessful seeking is N2 Where N2 is greater than O, and 
a bit rate of the digital data is A. 

* * * * * 


